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(57) A poly(arytene sulfide) resin composition com- 
prising a poly(arylene sulfide) and, as a nwdifier, an 
organic amide compound compounded in a proportion 
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Description 
(TECHNICAL RELO) 

5 [0001 ] The present invention relates to a poly(ary1ene sulfide) resin conposition in which an organic amide is conv 
pounded as a mocfifier. and particularly to a poly(arylene sulfide) resin composition teving excellent flowability and 
toughness. 

[0002] According to the resin composition of the present invention. Hs glass transition temperature and cold aystalli- 
zation temperature (temperature at which it crystallizes when it is cooled in a molten state) can be lowered while retain- 
10 ing the high melting point inherent in a poly(arylene sulfide), and so crystallization can be tadlitated upon molding even 
when the temperatu'e of a mold is lower than the usual temperature, and moreover molded products having excellent 
strength and good surface quality can be provided. 

[0003] The resin composition acoorcfing to the present invention has excellent melt-flow properties, tensile elongation 
and tensile strength in addition to the various excellent properties inherent in the poly(arylene sulfide), such as heat 
15 resistance, flame retardancy and chemical resistance, and is hence suitable for use as not only ir^ection-molded prod- 
ucts but also non-woven fabrics, monofilaments and the like. 

(BACKGROUND ART) 

20 [0004] Poly(arylene sulfides) (hereinafter abbreviated as "PASl are aromatic polymers having predominant repeating 
units of arylene sulfide represented by the formula [-Ar-S-] in which Ar means an arylene group, and poly(phenylene 
sulfide) (hereinafter abbreviated as "PPS") is representative of the PAS. PAS is excellent in heat resistance, flame retar- 
dancy, chemical resistance, dimensional stability, mechanical properties and the like, and hence used in wide applica- 
tion fields 

25 [0005] However, the PAS involves a drawback that it is low in toughness typified by tensile elongation. The toughness 
of the PAS is improved by heightening its molecular weight Since its melt viscosity is also increased at the same time, 
however, it is difficult to irqection-mold it into precise molded products* molded products of complicated forms, and the 
like using molds narrow in channel and complicated in form. In particular, a PAS resin composition, in which a large 
anfX)unt of a filler such as glass fibers has been compounded, is improved in various properties such as mechanical 

30 properties, dimensional stability, heat resistance and electrical properties, but its melt viscosity is extremely increased, 
and so its melt-flow properties are deteriorated to a great extent. Accordingly, there is a limit to heightening the molec- 
ular weight of the PAS from the necessity of ensuring the flowability of the PAS upon molding, and so it ^s have no 
other choice but sacrifice its toughness. 

[0006] The PAS generally has high glass transition temperature (Tg) and cold crystallization temperature (Tc). For 
35 example. PPS has a Tg of about 90*C and a Tc of about 12S^C as measured by means of a differential scanning calo- 
rimeter (DSC). Therefore, in the case where the PAS is used to obtain a molded product by injection mokJing. it has 
been necessary to use a mold heated to a high temperature of generally 1 20°C or higher, often 1 SO'^C or higher in order 
to facilitate its crystallization and prcvkle a molded product having good appearance. Since the molding operation is 
conducted at a mold temperature of about lOCC in the usual injection moving making use of a general-purpose resin. 
40 however, there has been a problem that special equipment and fuel must be used in order to raise tiie moM temperature 
to a high temperature of 1 20''C or higher. 

[0007] In addition, in order to produce a molded product excellent in hardness, dimensional stability and form stability 
in the injection mokjing of the PAS, it is prefened to achieve a high degree of crystallinity as soon as possible. However, 
even when ttie high degree of crystallinity is quickly achieved by raising a mold temperature to a comparatively high 
45 temperature, there has been a limit to the shortening of an injection molding cyde to enhance productivity, since ttie 
readence time of the resulting molded product in tiie moki tengttiens. 

[0008] As means for crystallizing tiie PAS at a high speed, tiiere have heretofore been proposed, for example, a 
method in which a monomerk: cart)0xylic ester is added (Japanese Patent Application Laid-Open No. 230848/1987), a 
method in which a thioether is added (Japanese Patent Applk^ation Laki-Open No. 230849/1987), and a method in 
50 which an aromatic phosphoric ester is added (Japanese Patent Appfication LaM-Open Nos. 230850/1987 and 
225660/1989). However, the additives used in ttiese methods are poor in heat resistance, and so evaporated gases or 
decomposed gases are generated upon moMing and processing. Therefore, these methods are not preferred from tiie 
viewpoint of practical use. 

[0009] The PAS is expected to devetop its uses to not only a f iekl of Injection-moMed products, but also a field of high- 
55 perfonnance filters of whteh high heat resistance, flame retardancy, chemical resistance and tiie like are required, mak- 
ing good use of its various excellent properties. 

[001 0] In general, a non-woven fabric or porous body is used as a fOter composed of a polymeric material. In order to 
obtain a high-performance filter conposed of the non-woven fabric, it is preferred from tiie viewpoints of collection effi- 
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dency and pressure loss that the fineness of f bers making up the non-woven fabric t>e fine in addition to the fact that 
the various properties of a polymeric material itself used are excellent Therefore, if a non-woven fat)ric can be pro- 
duced from a PAS by a meit blow process by which a norvwoven fabric composed of extremely fine fibers can be pro- 
duced, the uses of the PAS can be developed to new fields of high-performance filters and the like. 

5 [0011] Some proposals have heretofore been made on methods for producing a non-woven fabric formed of 
extremely fine fbers by a melt blow process in order to apply the PAS to uses such as filters. For example. Japanese 
Patent Application Laid-Open No. 315655/1988 discloses a melt-blow non-woven PPS fabric, wherein the non-vwoven 
fabric is composed of PPS fibers having an average fineness of at most 0.5 deniers. part of the fibers are at least fusion- 
bonded or entangled, and its coefficient of variation in METSUKE (mass per unit area) Is at most 7%. Japanese Patent 

10 Application Laid-Open Na 22985/1989 discloses a non-woven PAS fat)ric. which is composed of PAS fibers having an 
average fiber diameter of 0. 1 to 0.8 pm and has a METSUKE of 5 to 500 g/m^. 

[001 2] However, the melt-blow non-woven PAS fabrk:s obtained by these conv^'onal techniques have involved draw- 
backs that when the degree of crystallinity of the PAS is enhanced in order to improve its chemical resistance and 
dimensional stability, the toughness typified by tensile elongation is deteriorated, and that sufficient strength cannot be 

IS achieved. More specifically, the oonventtonal melt-blow non-woven PAS fabrics have involved the following problems. 
[001 3] In the melt blow process, a thermoplastic resin Is generally melted and ejected from a minute orifice, the thus- 
^ected melt is blown off by a heated gas in a sonic velocity region to form fine fibers, and the ftoers are collected on a 
moving porous drum or screen to produce a non-woven fabric. In order to form highly thinned fibers by the action of the 
heated gas in the sonic velocity region, it is said tfiat to lower the melt viscosity of the thermoplastic resin used is indis- 

20 pensable. Accadingly, in order to produce a non-woven fabric formed of extremely fine fibers narrow in scatter of fine- 
ness by the melt blow process using the PAS, it has been necessary to use a PAS having a low melt viscosity. 
[0014] On the other hand, in order to suffidentty develop excellent chemnal resistance and dimenstonal stability, 
which are characteristic of the PAS. in the melt-k)low non-woven fabric, it is desirable to enhance the degree of crystal- 
linity of the PAS. However, a meH-blow non-woven fabric obtained by using a PAS having a low melt viscosity is 

25 extremely deteriorated in toughness if the degree of crystallinity of the PAS Is enhanced by controlling melt-blow condi- 
tions and heat-treatment conditions, so that such a non-woven fabric cannot be practically used. On the other hand, 
when a PAS having a high melt viscosi^ is used, not only extremely fine fibers cannot be formed by melt bk)wing, but 
also a scatter of fineness becomes wide. To raise a die temperature upon melt bkiwing for lowering the apparent melt 
viscosity of the PAS has involved a problem that a gel-like substance fonmed due to deterioration by heat causes ctog- 

30 ging of a cfie, resulting in a failure to continuously run over a long period of time. 

[001 5] A monofilament making use of a PAS has been developed. However, this monofilament has also involved many 
problems. More specifically, it is necessary to use a high-molecular weight PAS in order to otJtain a PAS monofilament 
having good tensile strength, and knot strength. In addtion. since it is necessary to stably conduct stretching in a 
stretching step for the purpose of provKling a monofilament nan^ow in scatter of fiber diameter, a PAS having a compar- 

35 atively high melt elasticity must be used. However, the use of a PAS high in both molecular weight and melt elasticity 
has involved a problem that a part of the PAS is extruded without being fully melted in an extruder in an extruding step 
of melt-extruding the PAS into a f fcrous form, and this unmelted portion is mixed in a melt to form the cause that the 
fiber diameter varies in the subsequeit stretching step. To raise an extrusion temperature to apply sufficient heat to the 
PAS for uniformly melting the PAS in the extruder has involved a drawback that a part of the PAS undergoes deteriora- 

40 tion by heat to form a gel-like substance, resulting in a failure to continuously run over a long period of time. 

(DISCLOSURE OF THE INVENTION) 

[001 6] It is an object of the present invention to provide a PAS resin corrposition having both properties of good f low- 

45 ability and high toughness which are contrary to each ottier. 

[0017] Another object of the present invention is to provide a PAS resin composition t>y which evaporated gases or 
decomposed gases are scarcely generated upon molding and processing, and its glass transition temperature and coU 
crystallization temperature can be lowered while retaining the high melting point inherent in the PAS, whereby crystal- 
lization can be facilitated while retaining its high heat resistance to provide molded products having excellent strength 

so and good surface quality even at a lower mold temperature. 

[0018] A further object of the present invention is to provide various kinds of molded or formed products such as injec- 
tion-molded products, non-woven fabrics, multifilaments and nK>nof ilaments using a resin composition having excellent 
melt-flow properties, tensile etongatbn and tensile strength in addition to the various excellent properties inherent in the 
PAS, such as heat resistance, flame retardancy and chemical resistance. 

55 [0019] The present inventors have carried out an extensive investigation with a view toward overcoming the above- 
described problems involved in the prior art As a result, it has been found that when an organic amide compound is 
compounded as a modifier in a specific proportion into a PAS. the f towability (melt-flow properties) and toughness of 
the PAS can be improved by leaps and bounds, and nmreover the glass transition temperature and cold crystallization 
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temperature can be lowered while retaining the high melting point Inherent in the PAS, whereby crystallization can be 
facilitated while retaining high heat resistance to provide molded products having good surface cpjaGty even at a low 
mold temperature of atxxit lOCTC. 

[0020] When the PAS resin composition according to the present invention is applied to the production of a melt-blow 
5 non-woven fabric, a melt-blow non-woven PAS fabric, which has excellent toughness even in a state that the degree of 

crystallinity of the PAS has been enhanced, in addition to the excellent heat resistance, flame retardancy. chemical 

resstance and the like inherent in the PAS. and is high in tensile strength and thin in fber diameter, can be obtained. 

Since the use of the PAS resin composition acoorcfing to the present invention, which is excellent in melt-flow properties. 

permits lowering its apparent melt viscosity and uniformly and stably melting the PAS in an extruder, the prc^em that a 
10 geHike substance formed due to deterioration by heat causes clogging of a die. resulting in a feulure to continuously run 

over a long period of time, can also be sohred. 

[0Q21 ] When the resin composition according to the present invention is applied to the production of a nunofil- 
ament a monofilament narrow in scatter of fiber diameter in addition to the excellent heat resistance, flame retardancy. 
chemical resistance and the like inherent in the PAS can be obtained. In addition, the production can be conducted sta- 
15 bly and continuously over a long period of time. Since the PAS resin composition according to the present invention can 
prevent the PAS from lowering its molecular weight in an extruder and has excellent melt-flow properties, a monofila- 
m^ improved in tensile strengtii and knot strength can be provided by using a high-molecular weight PAS. 
[0022] The present invention has been led to completion on the basis of these findings. 

[0023] According to the present invention, there is thus provided a poly(arytene sulfide) resin composition comprising 
20 a poly(ary1ene suifkie) and. as a modifier, an organic amkfe compound compounded in a proportion of 0.2 to 10 parts 
by weight per 100 parts by weight of the pdy(arylene sulfide). 

[0024] The resin compositton according to the present Invention may further comprise 0 to 800 parts by weight of a 
filler as needed. 

[0025] The organic amide compound may preferably be at least one compound selected from the group consisting of 
25 N-alkylpyrrolklones, N-cydoalkylpyrrolidones, N-alkyteaprolactams. N-cycloalkyteaprolactams. caprdactams and N,N- 
dial kyli midazolidinones. 

[0026] According to the present invention, there are also provkied various kinds of molded or formed products, such 
as an injection-moUed product a non-woven fabric, a multifilament and a monofilament, composed of the resin conrv 
position. 

30 

( BEST MODE FOR CARRYING OUT THE INVENTION ) 
P0lYfyyl^nesulfk1e)(PA9): 

35 [0027] The PAS useful in the practice of the present invention is an aromatic polymer having predominant repeating 
units of arylene sulfide represented by the formula [-Ar-S-] in which Ar means an arylene groupi When a repeating unit 
[-Ar-S-] is defined as 1 mole (basal mole), tiie PAS used in the present invention Is a polymer containing this repeating 
unit in a proportion of generally at least 50 mol%. preferably at least 70 mol%, more preferably at least 90 mol%. 
[0028] As examples of the arylene group, may be mentioned a p-phenytene group, a m-phenylene group, substituted 

40 phenylene groups (the substituent being pr^erably an aikyi group having 1 to 6 carbon atoms or a phenyl group), a p^p'- 
diphenylene sulfone group, a p.p'-biphenylene groups a p.p*-diphenylenecartx>nyl group and a naphthylene group. As 
the PAS. a polymer predominantly having only the same arylene groups may preferably be used. However, a copolymer 
having two or more different arylene groups may be used from tine viewpoint of processability and heat resistance. 
[D029] Among these PASs. PPS having predominant repeating units of p-phenylene sulfide is particularly preferred 

45 because it is excellent in processability and industrially available with ease. Besides tiie PPS. poly(arylene ketone 
sulfKles). poly(arylene ketone ketone sulfide) and the like may be used. As specifk; examples of copolymers, may be 
mentioned rarKlom or block copolymers having repeating units of p-phenylene sUlfKle and repeating units of m-phe- 
nylene sulfkie, random or btock copolymers having repeating units of phenylene sulfkJe and repeating units of arylene 
ketone sulfide, random or tAock copolymers having repeating units of phenylene sutfkle and repeating units of arylene 

50 ketone ketone sulfide, and random or block copolymers having repeating units of phenylene suffde and repeating units 
of arylene sulfbne sulfide. These PASs are preferably aystalline polymers. Besides, the PASs are preferably linear pol- 
ymers from the viewpoints of toughness and strengtii. 

[0030] Such a PAS can be obtained in accordance with any known process (for example. Japanese Patent Publication 
No. 33775/1988) in which an alkali metal sulfide and a dihalogen-substituted aromatic compound are subjected to a 
55 polymerization reaction in a polar solvent. 

[0031 ] As examples of the alkali metal sulfide, may be mentioned litiiium sulfide, sodium sulfide, potassium sulfide, 
rubidium sulfide and cesium suH Me. Sodium sutfde fbrmed by ttie reaction of NaSH and NaOH In tiie reaction system 
may also t)e used. 
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[0032] As exanples of the dihalogen-substituted aromatic confound, may be mentioned p-dichtorobenzene. m- 
dichlorobenzene. 2,5-dichlorotduaie. p-dbromd^enzene, 2,6-cfichloronaphtha)ene. 1>methaxy*2,5-dichlorobenzene. 
4.4'-dtchloroblphenyl, 3.5Klichlorobenzoic acid, p.p^-diciiiorodlphenyl ether, 4.4'-dichlorodphenyl suHone. 4.4'-dichlo- 
rodiphenyl sulfoxide and 4.4'-dichlorodiphenyt ketone. These compounds may be used either singly or in any oombina- 
5 tion thereof. 

[0033] In order to introduce some branched or crosslinked structure into the PAS. a small amojnt of a poiyhalogen- 
substituted aromatic compound having at least 3 halogen sut)stituent5 per molecule may be used in comt^nation. As 
preferable examples of the polyhalogen-substituted aromatic compounds, may be mentioned trihalogen-substituted 
aromatic compounds such as 1,2,3-trichlorobenzene. 1.2.3-tribromobenzene, 1 ,2.4-trichlorQbenzene, 1.2,4-tribro- 
10 mobenzene, 1.3.5-trichlorobenzene, 1,3.5-tn'bronrx)benzene and 1 .3-dichtoro-5-bromobenzen8, and alkyl-substituted 
derivatives thereof. These compounds nrtay be used either singly or in any combination thereof. Among these, 1.2,4- 
trlchlorobenzene, 1,3,5-trichlorobenzene and 1,2.3-trlchlorobenzene are preferred from the viewpoints of economy, 
reactivity, physical properties and the iika 

[0034] As the polar amide solvent aprotic organic amide solvents typified by N^alkylpyrroiidones such as N-methyl- 

15 2-pyrrolidone, 1 .3<lialkyt-2-imidazolidinone, tetraalkylureas, and hexaaikytphosphoric triamides are prefen'ed because 
they have high stability in the reaction system and are easy to provide a high-molecular weight polymer. 
[0035] No particular limitation is imposed on the molecular weight of the PAS, and any polymer from a low-nnolecular 
weight polymer to a high-molecular weight polymer may be used. In the case of, for example. PPS. the melt viscosity 
(measured at 31 0*C and a shear rate of 1 ,200/sec) may be generally 5 to 600 Pa • s. preferably 1 0 to 400 Pa • s. more 

20 preferably 20 to 300 Pa * s. In the present invention, f lowability can be improved even when a PAS having a compara- 
tively high molecular weight i.e., a high melt viscosity, is used. When a filler is filled in a high proportion, however, it is 
prefen-ed from the viewpoint of molding or forming ability to use a PAS having a comparatively low melt viscosity. 
[0036] By the way, the conventional PAS is first separated from the polar solvent in an after-treatment step after polym- 
erization, and furtiier washed, thereby removing the polar solvent therefrom. Therefore, the content of tfie polar solvent 

25 remaining in the polymer is as low as generally 0.003 wt.% or lower. NMP is only contained in an extremely low propor- 
tion of about 50 to 100 ppm in commercially available PPS products. The reason for it is tiiat the polar solvents such as 
NMP are recovered after polymerization to reuse them, and besides ttiat ttie polymers are subjected to a consistent 
washing treatment so as to ^ovide high-quality polymers by removing oligomer, unreaded monomers, by-products, 
impurities and the like as much as possible. The polar solvents remaining in the PAS fbrmed are also removed by the 

30 washing treatment. 

[0037] Accordingly, the polar solvents such as NMP have heretofore not been caused to remain in a conparatively 
large amount in ttie PAS. Of course, it has heretofore not been conducted to compound an organic amide compound 
as a modifier into tiie PAS. On ttie ottier hand, the RAS resin composition according to the present Invention is prepved 
k>y adding an organic amide compound as a modifier to a purified PAS after polymerization. 

35 

Organic amide compound: 

[0038] Examples of tfie organk: amide compound used as a modifier in ttie pres^ invernion include amkies such as 

N,N-dim6ttiylfbrmamkJe and N,N-dim6thylacetamide; N-alkylpynrolktones or N-cydoalkylpyrrolkfones such as N- 
40 methyl-2-pynrolidone (hereinafter abbreviated as "NMP") and N-cyck)h8xyl-2-pyrrolk1one: N-alkylcaprolactams or N- 

cyck)alkylcaprolactanf» such as N-methyl-e-caprolactam and N-cydohexylcaprolactam; caprolactams such as c-capro- 

lactam: N.N-dialkylimldazolidlnones such as 1,3-dimetiiyl-2-imkiazolidinone; tetraalkylureas such as tetramethylurea; 

and hexaaikytphosphoric triamides such as hexamethylphosphoric triamida These organic amide compounds may be 

used either singly or in any combination thereof. 
45 [0039] Of the organic amide compounds, the N-alkylpyrrolidones. N-cydoalkylpynrolidones, N-alkylcaprolactams, N- 

cydoalkylcaprolactams, caprolactams and N,N-dialkylimidazolidinones are preferred, witti ttie N-alkylpynrolidones, 

caprolactams and N,N-dialkylimidazolidinones being particularly pretended. 

[0040] The organic amide compound used as a modifier in the present invention is compounded in a proportton of 0.2 
to 1 0 parts by weight, preferably 0.5 to 8 parts by weight, more preferably 1 to 6 parts by weight per 1 00 parts by weight 
so of the PAS. If ttie compounding proportion of the organic amide compound is too low, the effects of improving the flow- 
ability and toughness become little, and the effects of lowering the glass tranation temperature and cold crystallization 
temperature also become little. If the compounding proportion of the organic anrdde compound is too high, the strength 
of ttie resulting composition is deteriorated, and ttiere is a possibility ttiat unfavorable phenomena such as bleeding may 
be caused. 

55 

Filler : 

[0041] In the resin compositions according to ttie present invention, a filler is not always an essential component. In 
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order to provide molded or formed products exc^lent in various properties such as mechanical strength, heat resist- 
ance, dimensional stability and electrical properties, however, rt is preferred to conripouid various kinds of fillers accord- 
ing to the purposes thereof. According to the present invention, ntarked effects can be exhibited even in filled resin 
compositions. 

[0042] As exanples of the fillers, may be mentioned fibrous fillers, such as inorganic fibrous materials such as glass 
fibers, casbon fibers, asbestos fibers, silica fibers, alun^na f bers, zirconia fibers, boron nitride fbers. silicon nitride fib- 
ers, boron fibers and potassium titanate fbers; metallic fbrous materials such as stainless steel, aluminum, titanium, 
copper and brass: and fvgh-metting organic f brous materials such as polyamida. f luorocarbon resins, polyester resins 
and acrylic resins. 

[0043] Examples of other f Olers include particulate or powdery fillers such as mica, silica, talc, alumina, kaolin, calcium 
sulfate, calcium cartsonate, titanium oxide, cartxm blacK graphite, ferrite. clay, glass powder, zinc oxide, calcium carbon- 
ate, nickel cartx)nate, titanium oxide, iron oxide, quartz powder, magnesium cartx)nate and barium sulfate. 
[0044] These fillers may be use either singly or in any combination thereof. The fillers may be treated with greige 
goods or surfeice-treating agents as needed. Examples of the greige goods or surface-treating agents include functional 
conpounds such as epoxy compounds, isocyanate compounds, silane compounds and titanate compounds. These 
compounds may be used for conducting a surface treatment or collecting treatment in advance or added at the same 
time upon the preparation of a resin composition. 

[0045] The proportion of the filler used ^ generally 0 to 800 parts by weight, preferably 5 to 700 parts by weight more 
preferatrfy 10 to 300 parts by weight per 100 parts by weight of the PAS though it varies according to the kirKi and spe- 
cific gravity thereof, the purpose of use, applk:ation f leMs, and the like. If the compounding proportion of the filler is too 
low, the f Qiing effect thereof becomes littie. If the proportion Is too high on the other hand, a problem arises on mokiing 
or forming ability, and beskJes the mechanical strength of a mokjed or formed product obtained from such a composition 
may be deteriorated in some cases. 

Other compounding additives: 

[0046] Into the resin compositions according to the present invention, may be compounded other tiiermoplastic res- 
ins, as needed. The other thermoplastic resins are preferat)ly thermoplastic resins stable under high-tenperature con- 
ditions that the PAS is melt-processed. As specific examples of the thermoplastic resins, may be mentioned aromatic 
polyesters such as pdyetiiylene terephthalate and polytxitylene terephtiialate; fluorocart)on resins such as poly- 
t^afluoroethylene, tetrafluoroethylene/hexafluoropropylene copolymers, tetrafluoroethylene/iperfluoroalkyi vinyl ether 
copolymers, potychlorotrifluoroethylene, polyvinylidene fluoride, potyvinyiidene fluorkle/hexafluoropropylene copoly- 
mers, propylene/tetrafluoroethylene copolymers, vinytidene fluorkle/chtorotrifluoroetiiylene copolymers and etiiyl- 
ene/hexafluoropropylene copolymers; and polyacetal, polystyrene, polyamide, polycart)onate. polyphenylene etiier, 
polyalkyi acrylate, ABS resins and polyvinyl chloride. These thermoplastic resins may be used either singly or in any 
corrbination tfiereof. 

[0047] Into the resin compositiorts according to the present invention, may also be compounded impact modifiers 
such as epoxy group-containing a-olefin copolymers; silane coupling agents such as aminoalkoxysilane compounds; 
resin-modifying agents such as etiiyleneglyddyl methacrylate; lubricants such as pentaerythritol tetrastearate; thermo- 
setting resins: stabilizers such as antk)xkJants and ultraviolet absorbents; nucleating agents such as boron nitrkSe; 
flame retardants; colorants such as dyes and pigments; and the like, as needed. 

R^ginCQmppslilQn: 

[0048] The resin compositions according to the present invention can be prepared by equf)ment and methods gen- 
erally used in the preparation of syrrthetic resin compositions. More specifically, necessary components can be mixed 
and kneaded in a single-screw or twin-saew extruder and extruded into pellets Ibr mokJing. There may also be used a 
method in which part of the necessary components are mixed as a masterbatch, and ttie mixture is molded, or a 
method in which part of raw materials used are ground for the purpose of successfully conducting dispersion and mix- 
ing of the individual components, thereby making the parttele sizes of the components uniform, and they are mixed and 
melt-extruded. 

[0049] Since a PAS can be synthesized by using an organk; amkle compound as a polar solvent, the same organic 
amide compound as that used as the polar solvent may be mixed with the PAS obtained by removing oligomers, unre- 
acted nfV)nomer(s), by-products, impurities, etc. in accordance with a method known perse in the art after the polym- 
erization, so as to amount to a predetermined proportion. 

[0050] Since the PAS resin compositions according to tiie present invention have excellent melt-flow properties and 
toughness, and their glass transition temperatures and cokf crystallization temperatures are lowered while retaining the 
high melting point inherent in the PAS, molded products having sufficient strength and toughness, and good surface 
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quality can be pnrA6eti by using a iower-tenrperature mold. 

[0051 ] The PAS rean conrfx>sitions according to the present invention also have excellent meK-f low properties, tensile 
elongation and tensile strength in addition to the various excellent properties inherent in RAS, such as heat resistance, 
flame retardancy and chemical resistance, and are hence suitable for use as non-woven labrics. monofilaments and the 

5 Ilka 

[0052] A spun bond process or melt blow process rmy be adopted to produce a non-woven fabric using the PAS resin 
composition according to the present invention, thereby obtaining a non-woven fabric which is composed of extremely 
fine fbers. nanrow in scatter of fineness and excellent in heat resistance, flame retardancy. chen^cal resistance, tough- 
ness, tensile strength, dimensional stabifity and the like. The non-woven PAS fabric according to the present invention 

10 is suitable for use as a high-perfonrwnce filter. 

[0053] The PAS resin compositions according to the present invention can be formed into monofilaments in accord- 
ance with a method know per se in the art. The PAS rean compositions according to the present invention are excellent 
in melt-flow properties, and so monofilaments narrow in scatter of fiber diameter can be stably produced therefrom even 
when using a PAS high in both molecular weight and melt elasticity. The PAS monof ilam^tts according to the present 

15 invention have excellent heat resistance, flame retardancy, chemical resistance, tensile strength, knot strength and the 
lika 

(EXANIPl-ES) 

20 [0054] The present invention will hereinafter be descrtoed more specifically by the foltowing Synthesis Examples. 
Examples and Comparative Examplea It shouM however be bome in mind that the present invention is not limited by 
these examples only. 

[OC^] Physical properties in the examples were measured in accordance with the following respective methods. 
25 (1) Melt viscosity: 

[0056] Measurement was conducted under conditions of a temperature of SIO^C and a shear rate of 1 .200/sec by 
means of a "Capirograph** (manufactured by Toyo Seiki Seisakusho. Ltd.). 

30 (2) Glass transition temperature (Tg). cold crystallization temperature (Tc) and melting point (Tm): 

[0057] Witii respect to a sheet obtained by hot-pressing pellets produced by melt extrusion at 31 0^*0 and then quench- 
ing the pressed sheet, the glass transition terrperature (Tg], cold crystallization temperature (Tc) and melting point 
(Tm) were measured. More specifically, the sheet sample was held at 30°C for 3 minutes in a nitrogen atmosphere by 
35 means of a differential scanning calorimeter (DSC; manufactured by Peridn Elmer Co.) and then heated to 340°G at a 
rate of 1 0^C/min. thereby measuring Tg and Tm. Tc was determined as a melt crystallization temperature when cooling 
the sample at a cooling rate of lO^G/min from 340^0. 

(3) Tensile properties (tensile strengtti and tensile elongation): 

40 

[0058] Measurement was corKlucted under conditions of a gauge lengtti of 50 mm and a cross-head speed of 5 
mm^nin in accordance with ASTM D 638 by using pellets produced by melt extrusion to producing a specimen by injec- 
tion molding. 

45 (4) Weight average molecular weight (Mw): 

[0059] Pellets produced by melt extrusion were used to determine the weight average molecular weight of each sam- 
ple by gel permeation chromatography (GPG method). The measurement concfitions are as follows: 
[0060] While passing 1 -chloronaphthalene at a flow rate of 0.7 ml/min through a measuring apparatus equipped with 
50 an injector, purrp. column (SHODEX AT80 M/S. 2 columns) and hydrogen flame ionization detector (FID), the sample 
prepared into a 1-chk)ronaphtiialene solution at a concentration of 0.005 wt.% was poured into the apparatus to ana- 
lyze it The calibration of the molecular weight was conducted with standard polystyrene and Ph-S-(Ph-S)3-Ph (wherein 
Ph means a phenyl or phenylene group), and data processing was conducted by means of a SIC7000B manufactured 
by System Instrument Co. 

55 

(5) Content of organic amide compound: 

[0081] Pellets produced tsy melt extrusion were treated at SSO^'C for 15 minutes in a concentrator of a gas chromato- 
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graph (purge and trap GC) equi^ed with a exponent concentrator and a fi^lyzer. and an organic amide omipound 
ard other gas components generated during this treatment were trapped at -40°C to quantify the organic amide conrv 
pound by a gas chromatographic analysis. With respect to resin compositions to which an organic amide compound 
was added as a modifier, the content of the organic amide compound was expressed to one place of decimals, whOe 
5 the content of the organic amide compound (NMP used as a solvent for polymerization) In resin compositions, to which 
no organic amide compound was added, was expressed to three places of dedmals because such a compound was 
contained in an extremely small quantity. 

(6) Evaluation by low-temperature mold: 

10 

[0062] Pellets produced bf melt extrusion were injection-molded at a mold temperature of 105*C to produce a spec- 
imen. The specimen thus obtained was visually obsen/ed to rank Its surface gloss in accordance with the fbllowing 
standard: 

IS @ : Excellent in gloss: 
Q : Gk>od in gloss: and 
X: Poor in gloss. 

[Synthesis Example 1] Synthesis of Pdvmer A 

20 

[0063] A pdymerizer was charged with 720 kg off IM-methyl-2-pyrrolidone (NMP) and 420 kg of sodium sulfide pen- 
tahydrate containing 46.21 wt.% of sodium sulfide (NasS). After purged with nitrogen gas. the temperature of the reac- 
tion system was gradually raised to 200"^) wKh stimng to distill off 158 g of water. At this time, 62 moles of H2S were 
volatilized off. After the dehydration step described above, tfie polymerizer was charged with 371 kg of p-dichk>roben- 

25 zene (hereinafter abbreviated as "pDCB*) and 1 89 kg of NMP to conduct a reaction at 220°C for 4.5 hours with stirring. 
While continuing the stirring. 49 kg of water were then introduced under pressure Into the polym^izer. and the contents 
were heated to 25S°C to conduct a reaction for 5 hours. After completion of the reaction, the reaction mixture was 
cooled near to room temperature, and the contents were sifted through a screen of 100 mesh to collect a granular pol- 
ymer. The thus-oollected granular polymer was washed twice with acetone and 3 times with water, thereby obtaining a 

30 washed polymer. This washed polymer was further washed wKh a 3 wt.% aqueous solution of ammonium chloride and 
then washed with water. After dehydration, the collected granular poly(phenylene sulfide) (Polymer A) was dried at 
105^*0 for 3 hours. The yield of Polymer A thus obtained was 92%, and its melt viscosity was 55 Pa • s. 

[Synthesis Example 2] Synthesis of Polymer B 

3S 

[0064] A polymerizer was charged with the same components as those used in Synthesis Example 1 to conduct dehy- 
dration. As a result, 160 kg of water and 62 moles of H2S were distilled off. The polymerizer was then charged with 364 
kg of pDCB and 250 kg of NMP to conduct a reaction at 220''C for 4.5 hours with stirring. Thereafter, a polymerization 
reaction and an after treatment were conducted in the same manner as in Synthesis Example 1 except that the amount 
40 of water introduced under pressure with stinring was changed to 59 kg. thereby obtaining granular poly(phenylene 
sulfide) (Polymer B). The yiekj of Polymer B thus obtained was 89%^ and its melt viscosity was 140 P^ • s. 

[Synthesis Example 3] Synthesis of Polymer C 

45 [0065] A polymerizer was charged with 800 kg of NMP and 390 kg of sodium sulfide pentahydrate containing 46.40 
wt.% of NaaS to conduct a dehydration treatment in the same manner as in Synthesis Example 1 . As a result 147 kg 
of water and 57 moles of H2S were distilled off. The polymerizer was then charged with 339 kg of pDCB, 218 kg of NMP 
and 9.2 kg of water to conduct a reaction at 220^*0 for 4.5 hours with stimng. While continuing the stirring, 70 kg of water 
were then introduced under pressure into the polymerizer, and the contents were heated to 255°C to corKluct a reaction 

so for 3 hours. The reaction was then continued at 245''C for 8 hours. After completion of the reaction, the reaction mixture 
was treated in the same manner as in Synthesis Example 1 to obtain granular poly(phenylene sulfide) (Polymer C). The 
yield of Polymer C thus obtained was 90%, and its mett viscosity was 236 Pa 

[Synthesis Example 4] Synthesis of Polymer D 

55 

[0066] A polymerizer was charged with 800 kg of NMP and 373 kg of sodium sulfide pentahydrate containing 46.10 
wt.% of Na2S to conduct a dehydratton treatment in the same manner as in Synthesis Example 1 . As a result, 142 kg 
of water and 54 rno\es of H^S were distilled off. The polymerizer was then charged with 320 kg of pDCB, 0.79 kg of 
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1 .2,4-trichtorc4)enzene, 274 kg of NMP and 0.9 kg of water to conduct a reaction at 220^0 for 1 hour with stirring, and 
then at 23(yC for 3 hours. While continuing the stining, 77 kg of water were then introduced under pressure Into the 
polymerizer. and the contents were heated to 255<'C to conduct a reaction for 1 hour. The reaction was then continued 
at 245*'C for 3 hours. After completion of the reaction, the reaction mixture was cooled near to room temperature, and 
5 the contents were sifted through a screen of 100 mesh to collect a granular polymer. The thus-coilected granular poly- 
mer was washed twice with acetone and 4 times with water, thereby obtaining washed poly(phenylene sulfide) (Polymer 
D). After dehydration, the collected granular polymer was dried at 105"C for 3 hours. The yield of Polymer 0 thus 
obtained was 90%. and its melt viscosity was 517 Pa • s. 

10 [Synthesis Example 5] Synthesis of Polymer E 

[0067] A polymerizer was charged with the same components as those used in Synthesis Example 1 to conduct dehy- 
dration. As a result. 157 kg of water and 62 moles of H2S were distilled off. Thereafter, a polymerization reaction and 
an after treatment were conducted in the same manner as in Synthesis Example 1 except that the polymerizer was then 
15 charged with 374 kg of pDCB and 189 kg of NMP, thereby obtaining granular poly(phenylene sulfide) (Polymer E). The 
yiekj of Polymer E thus obtained was 93%, and its melt viscosity was 28 Pa • s. 

[Synthesis Example 6] Synthesis of Polvmer F 

[0068] A dehydration treatment and a polymerization reaction were conducted in the same manner as in Synthesis 
Example 2 except that the amount of pDCB used was changed to 360 kg. After completion of the reaction, the reaction 
mixture was cooled near to room temperature, and the contents were sifted through a screen of 1 00 mesh to collect a 
granular polymer. The thus-collected granular polymer was washed twice with acetone and 4 times with water, thereljy 
obtaining poly(phenylene sulfide) (Polymer F). After dehydration, the collected granular polymer was dried at 1 05**C for 
3 hours. The yield'of Polymer F thus obtained was 89%, and its melt viscosity was 210 Pa • s 

[Example 1] 

[0069] After 98 wt.% of Polymer A and 2 wt.% of NMP were unifbrmly dry blended in a Henschel mixer, the resultant 
blend was fed to a twin-screw kneader extruder (PCM-45, manufactured by Ikegai Corp.) having a ban'el diameter of 45 
mm and kneaded at a cylinder temperature of 260 to 330'>C, thereby producing pellets. The pellets thus obtained were 
dried at 1 50**C for 6 hours and then molded at a mold temperature of 1 45**C and a cylinder temperature of 300 to 320*C 
by an injection molding machine (IS-75, manufacture by Toshiba Machine Co.. Ltd.) to form specimens for tensile test. 
The formulation of the resin composition and the measured results of physical properties thereof are shown in Table 1 . 

[Examples 2 to 7 and Comparative Examples 1 to 4] 

[0070] Respective pellets were produced in tiie same manner as in Example 1 exc^ ttiat tiie respective resin com- 
ponents and fsiMP were used in their corresponding amounts shown in Table 1 , thereby forming specimens for tensile 
40 test. The formulations of the respective resin compositions and the measured results of physical properties thereof are 
shown in Table 1. 
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[Example 8] 

[0071 ] Pellets were produced in the same manner as in Example 1 except that 59 wt.% of Polymer A obtained in Syn- 
thesis Example 1 . 1 virt.% of NMP and 40 wL% of glass staple ftoers (product of Nippon Electric Glass Co.. Ltd.: diam- 
5 eter: 13 ^m) were used, thereby forming specimens for tensile test. In order to investigate the properties of a molded 
product obtained by means of a low-temperature mold, injection molding was further conducted in the same nanner as 
in Exanrpte 1 except that the mold temperature was changed to 105''C, thereby visually obsen/ing the specimen thus 
obtained to rank its surface gloss. The formulation of the resin composition and the measured results of physical prop- 
erties thereof are shown in Table 2, 

10 

[Examples 9 to 1 1 and Comparative Examples 5 to 7] 

[0072] Respective pellets were prodix^ed in the same manner as in Example 8 except that the respective resin com- 
ponents. NMP and glass staple fbers were used in their corresponding anmunts shown in Table 1, thereby forming 
15 specimens for tensile test. The formulations of the respective resin conrtpositions and ttie measured results of physical 
properties thereof are shown in Table 2. 
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[Example 12] 

[0073] Pellets were produced in the same manner as in Exanrpie 1 except that Polymer A and NMP were changed to 
Polymer B and e-caprolactam. respectively, thereby forming specimens for tensile test. The formulation of the resin 
5 composition and the measured results of physical properties thereof are shown in Tat)le 3. 

[Example 13] 

[0074] Pellets were produced in the same manner as in Example 1 except that Polymer A and NMP were changed to 
10 Polymer B and 1 ,3-dimethyi-2Hmidazolidinone, respectively, thereby forming specimens for tensile test. The formulation 
of the resin composition and the measured results of physical properties tiiereof are shown in Table 3. 
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[Example 14] 

[0075] After 98 wt% of Polymer F obtained in Synthesis Example 6 and 2 wt% of c^aprolactam were uniformly dry 
blended in a Henschel mixer, the resultant blend was fed to a twin-screw kneader extruder (PCM-45. manufactured 
5 Ikegai Corp.) having a barrel diameter of 45 mm and kneaded at a cylinder tenq}erature of 260 to 330^0, thereby obtain- 
ing pellets. 

[0076] The pellets thus obtained were dried at 150°C tor 6 hours and then fed to a single-screw extruder having a 
barrel (fiameter of 40 mm and equipped with a melt-blow die composed of 300 nozzles each having a nozzle diameter 
of 0.3 mm to melt-btow them under conditions of a resin temperature (spinning temperature) upon passing through the 

10 melt-bkTw die of 320^0. a discharge rate of 0.1 g/hiin/nozzle. a gas temperature of 350''C and an air flow rate of 3 
Nm^/min. theret^y producing a non-woven fabric. As a result, a melt-blow non-woven PPS faliric having an average fine- 
ness of 3.5 |im and a METSUKE of 150 gAn^ and causing no shot was able to be obtained. 
[0077] This non-woven fabric was heat-treated at 1 SO^'C for 5 hours and cut into strips 2 cm wide to conduct a tensile 
test under conditions of a measuring temperature of 23^C» a gauge length of 50 mm and a cross-head speed of 5 

15 mm/hfiin, thereby determining its tensile strer^gth. As a result the tensile strength was found to be 1 .3 kg/cm. 

[Connparative Example 8] 

[0078] After Polymer F obtained in Synthesis Example 6 was unrformty dry blended in a Henschel mixer, it was fed to 
20 a twin-screw kneader extruder (PCM-45, manufactured by Ikegai Corp.) having a barrel diameter of 45 mm and 
kneaded at a cylinder temperature of 260 to 330*'C. thereby obtaining pellets. The pellets thus obtained were dried at 
1 SO^'C for 6 hours and then fed to a single-screw extruder having a barrel diameter of 40 mm and equipped with a melt- 
blow die composed of 300 nozzles each having a nozzle diameter of 0.3 mm to melt-blow them under condittons of a 
resin temperature (spinning temperature) upon passing through the melt-Wow die of 320*'C, a discharge rate of 0.1 
25 g/min/nozzle, a gas temperature of 350^C and an air flow rate of 3 Nm^/min. thereby producing a non-woven fiEdbric. As 
a result, a melt-blow non-woven PPS fabric having an average fineness of 8.5 ^ and a METSUKE of 150 g/m? and 
causing no shot was able to be obtained. However, the average fineness was too great, and so the non-woven fabric 
was unable to be used for a filter. 

[0079] This non-woven fabric was heat-treated at 1 SO^'C for 5 hours and cut into strips 2 cm wide to conduct a tensile 
30 test under condittons of a measuring temperature of 23°C. a gauge length of 50 mm and a cross-head speed of 5 
mm/hiin, thereby determining its tensile strength. As a result, the tensile strength was found to be 1 .0 l^cm. 

[Example 15] 

35 [0080] After 98 wt.% of Polymer D obtained in Synthesis Example 4 and 2 wt.% of e-caprolactam were uniformly dry 
blended in a Henschel mixer, the resultant blend was fed to a twin-screw kneader extruder (PCM-45. manufactured by 
Ikegai Corp.) having a barrel diameter of 45 mm and kneaded at a cylinder temperature of 260 to 330^C. thereby obtain- 
ing pdlets. 

[0081] The pellets thus obtained were dried at 150°C for 6 hours and then fed to a single-screw extruder having a 
40 barrel diameter of 25 mm and equipped with a nozzle having a nozzle diameter of 2.8 mm to melt-extrude them into a 
fibrous form at an extrusion temperature of 310°C. After the fibrous extrudate was cooled in hot water of 90^C, it was 
first-stage stretched 4 times in a wet heat bath controlled at 130*'C. one and half-stage stretched twice in a wet heat 
bath controlled at ISO^'C, and then relaxed 0.98 times for about 6 seconds in a dry heat bath controlled at 240<'C. 
thereby obtaining a PAS fiber having a fiber diameter of about 250 fim. The fiber was stably provided for 30 hours during 
45 the production thereof, its fiber diameter scarcely varied, and the yiekf thereof was at least 98%. 

[Comparative Example 9] 

[0082] Polymer D obtained in Synthesis Example 4 was fed to a twin-screw kneader extruder (PCM-45, manufactured 
50 by Ikegai Corp.) having a barrel diameter of 45 mm and kneaded at a cylinder temperature of 260 to 330^C, thereby 
obtaining pellets. The pellets thus obtained were dried at 1 50''C for 6 hours and then formed into a fiber under the same 
conditions as in Example 15. The fiber diameter of the resultant fiber widely varied, and the yield thereof was 60%. 

[Comparative Example 10] 

55 

[0083] Polymer D (98%) obtained in Synthesis Example 4 was fed to a twin-screw kneader extruder (PCM-45, man- 
ufactured by Ikegai Corp.) having a barrel diameter of 45 mm and kneaded at a cylinder temperature of 260 to 330''C. 
thereby obtaining pellets. The pellets thus obtained were dried at 150°C for 6 hours and then fed to the same singte- 
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screw extruder as that used in Example 15 to meft-extrude them into a fibrous form at an extrusion tenfperature of 
34(rC. After the f it>rous extrudate was oooled in hot water of 90''C. it was f irst-stage stretched 4 times In a wet heat bath 
controlied at 130**C. second-stage stretched 1.5 times in a wet heat bath controlled at 180*'C. and then relaxed 0.98 
times for about 6 seconds in a dry heat bath controDed at 240'*C, thereby obtaining a RAS f ber having a f ber diameter 
5 of about 250 psn. A scatter of fber diameter became wide after the fiber was continuously produced for 3 hours, and so 
the f it)er was unaiale to be stably provided over a long period of time. 

( INDUSTRIAL APPLICABILITY) 

10 [0084] According to the present invention, there are PAS resin compositions markedly improved in flowability, 
mechanical properties and crystallization-facilitating effect upon molding. More specifically, the present invention brings 
about the following advantages: 

(1) The PAS resin compositions according to the present invention can be easily molded into molded products of 
15 complicated forms due to their improved melt-flow properties. The molded products are excellent in mechanical 

properties, and so the weight saving of the molded products can be made. 

(2) The PAS resin compositions according to the present inv&ition permit reducing the load of an extruder vpon 
extiusion due to their improved meit-fbw properties, and can hence be stably subjected to extrusion. 

(3) The PAS resin compositions according to the present invention can provide molded products having good sur> 
20 face gloss and high crystailinity even when they are injection-nrK)tded at a mold temperature lower than the usual 

temperature by 20 to 50*^C. 

(4) When the PAS resin compositions according to the present invention are injection-molded, the molding cycle 
can be shortened, so that the productivity can be enhanced, and the production cost can be reduced. 

(5) The PAS resin compositions according to the present invention are excellent in heat stability, and evaporated 
25 gases or decomposed gases, which are attributable to additives, are scarcely generated, and so obstacles due to 

these gases are scarcely encountered. 

(6) The PAS resin compositions accading to the present invention can be used to provide non-woven fabrics which 
are composed of extremely fine fibers, nanow in scatter of fineness and excellent in heat resistance, flame retar- 
dancy, chemical resistance, toughness, tensile strength, dimensional stak»lity and the like. The non-woven PAS f^ 

30 rics according to the present invention are suitable for use as high-performance f Bters. 

(7) The PAS resin compositions according to the present invention can be stately formed into monofilaments narrow 
in scatter of fber diameter. The PAS monofilaments according to the present invention are narrow in scatter of fiber 
diameter and have excellent heat resistance, flame retardancy, chemical resistance, tensile strength, knot strength 
and the like. 

35 

Claims 

1. A poly(arylene sulfide) resin composition comprising a poly(arylene sulfide) and, as a modifier, an organic anrtide 
compound compounded in a proportion of 0.2 to 10 parts t^y weight per 100 parts by weight of the poly(arylen6 

40 sulfide). 

2. The resin composition according to Claim 1 , which further comprises a filler in a proportion of 0 to 800 parts by 
weight per 100 parts by weight of tiie poly(arylene sulfide). 

45 3. The resin composition according to Claim 1 or 2, wherein the organic amide compound is at least one compound 
selected from tiie group consisting of N-alkylpyrrdidones, N-cycfoalkytpyrrolidones, N-alkylcaprolactams. N- 
cydoalkylcaprolactams. caprolactams and N.N-dialkyllmidazolidinones. 

4. The resin composition according to Claim 3, wherein tiie N-alkyl-pyrrolldone is N-methyl-2-pynolidon& 

50 

5. The resin composition according to Claim 3, wherein tiie caprolactam is e-caprotactam. 

6. The resin composition according to Claim 3, wherein tiie N.N-diall^imidazolidinone is 1 ,3-dim6thyl-2-imidazolidi- 
none. 

55 

7. The resin composition according to any one of Claims 1 to 6. wherein the poly(aryiene sulfide) is poly(pheny1ene 
sulfide). 
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& A molded or formed product composed of the resin conposrtion according to any one of Claims 1 to 7. 

9. The molded or formed product according to Claim 8. which is an Irijection-molded product. 

10. The molded a formed product according to Claim 8, which is a non-woven fabria 

1 1 . The molded or formed product according to Claim 8. which is a monofilament. 
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